Reports on the chemical and pharmacological profile of the essential oil of Schinus weinmannifolius do not exist, although other Schinus species have been widely investigated for their biological activities. This work aimed to evaluate the chemical composition and antimicrobial activity of the essential oil of S. weinmannifolius collected in the spring and winter. The essential oils were extracted by hydrodistillation, analyzed by GC/MS and submitted to microdilution tests, to determine the minimum inhibitory concentration. The oils displayed different chemical composition and antimicrobial action. Bicyclogermacrene and limonene predominated in the oils extracted in the winter and spring, respectively, whereas only the latter oil exhibited antifungal activity.
The family Anacardiaceae comprises approximately 81 genera and 800 species that occur in tropical and subtropical regions worldwide [1] . Because their fruit and wood are economically important, these species have received growing attention. Moreover, they display an array of biological activities, which make them potentially applicable in the medical field [2] . Within the family Anacardiaceae, the genus Schinus is noteworthy as its essential oils exhibit antimicrobial [3a] , S. weinmannifolius is widely distributed in Brazil and occurs in the biomes Cerrado, Mata Atlântica, and Pampa [5] . To date, the chemical and pharmacological profiles of this plant remain underexplored. Velazquez et al. [6] demonstrated the antioxidant potential of S. weinmannifolius extract, and Gehrke et al. [7] showed that the n-butanol extract presented antifungal activity.
In general, environmental factors, extraction techniques, and intraspecific genetic variations affect essential oil production [8] . Moreover, the chemical composition of an essential oil and the ratio between its constituents influence their biological potential [9] . In this context, this study aimed to assess the chemical composition and antimicrobial potential of the essential oil of S. weinmannifolius collected in the winter and spring.
The essential oil yields from S. weinmannifolius in the spring and winter were 1.0 and 2.5%, respectively. These data corroborate the results obtained by Barbosa et al. [10] who reported that yields of essential oil from S. terebinthifolius collected during the winter were significantly higher than those collected in the spring.
The proportions of compounds identified in the S. weinmannifolius essential oils collected in spring and in winter were 91.0% and 92.2% respectively, with a prevalence of sesquiterpenes in spring and monoterpenes in winter. In the spring, limonene (15.4%), spathulenol (13.8%), and -pinene (12.8%) prevailed, whereas bicyclogermacrene (21.2%), (E)-caryophyllene (10.4%), -pinene (10.1%), and germacrene D (9.9%) were the major constituents in the winter (Table 1) . Although the essential oil yield was higher in the winter, the essential oil collected in the spring exhibited greater antifungal potential. The essential oil extracted in the spring displayed antifungal activity against Aspergillus brasiliensis ATCC 16404 and Candida albicans ATCC 10231, but it was inactive against the tested bacteria. The essential oil extracted in the winter was not active against any of the assayed microorganisms ( Table 2 ). In savannah-like biomes the climate is generally dry in the winter and humid in the spring. This may explain, at least in part, that plants produce essential oil with elevated antifungal activity in wetter seasons as a defense mechanism. The antifungal action of the essential oil of S. weinmannifolius extracted in the spring might be related to its major constituents, mainly limonene (15.4%) and β-pinene (12.8%). The monoterpenes limonene and β-pinene are found in the essential oils of several plants and have been reported to display antifungal properties [11, 12] .
The efficacy of limonene against various microorganisms that cause food spoilage, including Aspergillus niger, Colletotrichum falcatum, Bacillus subtilis, and others that cause human infections such as Staphylococcus aureus, Streptococcus mutans, Candida albicans and Trichophyton rubrum has been extensively reported and the antimicrobial activity of this compound has been related to (R) -(+)-limonene, since (S) -(-)-limonene is inactive against most microorganisms [13] . The mechanism of action of limonene has not been sufficiently elucidated.
Regarding the antimicrobial activity attributed to β-pinene, it is well known that this compound increases membrane permeability of yeast cell mitochondria, helping the destruction of the cellular integrity of microorganisms and inhibits the processes of respiration and ion transport [14] . Although there are enantiomers of α-and β-pinene only the positive enantiomers are bactericidal, with β-pinene being less cytotoxic than α-pinene [15] . Studies have reported that monoterpenes and sesquiterpenes are the main compounds responsible for the antimicrobial activity of essential oils [16] . In some cases, such activity is attributed to a major compound, but a synergistic effect of several constituents may potentiate the action [17, 18] . According to Valeriano et al. [19] , the lipophilic nature of essential oil constituints is the factor responsible for structural damage to the cell membrane. However, the hydrophilic character of the oxygen functional groups is closely correlated with the antimicrobial properties presented by terpenoids [20, 21] . These factors may explain the antifungal activity displayed by S. weinmannifolius oil
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Knowing that the spring-collected essential oil of S. weinmannifolius displays greater antifungal potential and the chemical composition of the oil varies depending on the season, it is necessary to pay attention to the period during which the plant is obtained, to ensure that the oil is active. For the great majority of aromatic species, contents and composition of essential oils vary according to the season, either by the change of the ontogenetic phases, temperature variation, solar radiation levels or by the humidity that characterizes each station. However, these variations in the essential oils do not follow a pattern and, therefore, it is necessary to investigate the influence of seasonality on each species of interest to establish the best period for harvesting for obtaining both an oil of therapeutic value and economic importance [22] [23] [24] .
Besides contributing to the knowledge of S. weinmannifolius, a plant species that has been little studied, the results of this investigation might initiate interest in the medicinal (as an antifungal agent) and commercial uses of this essential oil.
Experimental
Plant material: S. weinmannifolius Engl. leaves were collected in the city of Bonito, state of Mato Grosso do Sul, Brazil, in spring and winter (November and July). Fertile individuals were exsiccated and identified by J. R. Pirani; a voucher specimen was deposited at the Medicinal Plants Herbarium of the University of Ribeirão Preto (HPM -UNAERP, Ribeirão Preto, state of São Paulo, Brazil) under number 1696. The leaves were collected from 20 individual plants in each season, which were pooled for essential oil extraction. The location was determined by GPS.
Essential oils extraction:
The essential oils extraction procedure was conducted in triplicate. To this end, 60 g of leaves was dried in an air-circulating oven at 40°C, for 48 h. The leaves were hydrodistilled in a Clevenger apparatus, at a 1:5 ratio (weight of plant material/water volume), for 120 min. The hydrolate (water and essential oil) was dried with Na 2 SO 4 ; the samples were stored in flasks sealed with Parafilm® and kept in a freezer until analysis.
Gas chromatographic analysis:
The essential oils were qualitatively analyzed by gas chromatography/mass spectrometry (GC/MS) using a Varian 3900 equipped with a selective mass detector, model Saturn 2100T. The analytical conditions were: capillary column DB-5 (30 m x 0.25 mm x 0.25 μm), injector temperature 240 o C, detector temperature 230 o C, electron impact 70 eV, carrier gas He, gas flow 1.0 mL min -1 , split: 1/20, temperature program heating from 60 to 240ºC at 3ºC min -1 , injection volume 1 μL of solution (1 μL of essential oil in 1 mL of n-hexane). The compounds were identified by comparison with spectral data provided by the GC/MS system database (Nist 62 library) and by using Kovats retention indexes [25] .
Antimicrobial activity: The antimicrobial activity was determined by the microdilution test method using 96-well plates, following the guidelines of CLSI M7-A9 [26] (bacteria), M27-A3 [27] Readings were carried out after 20 (bacteria), 24 (C. albicans), and 48 h (A. brasiliensis) of incubation at 35°C. Amphotericin B and gentamicin (Sigma Aldrich®) were used as controls. The MIC (Minimum Inhibitory Concentration) was calculated as the lowest concentration of the essential oil that was able to avoid microorganism growth.
